Neutrophil-to-lymphocyte ratio (NLR) serves as a strong prognostic indicator for patients suffering from various diseases. Neutrophil activation promotes the recruitment of a number of different cell types that are involved in acute and chronic inflammation and are associated with cancer treatment outcome. Measurement of NLR, an established inflammation marker, is cost-effective, and it is likely that NLR can be used to predict the development of metabolic syndrome (MS) at an early stage. MS scores range from 1 to 5, and an elevated MS score indicates a greater risk for MS. Monitoring NLR can prevent the risk of MS.
Introduction
Neutrophils and lymphocytes constitute the first line of defense within the body against foreign invaders. Neutrophils and lymphocytes are the first inflammation and regulatory markers, respectively, found in injured areas. They activate major cell types involved in acute and chronic inflammation. The neutrophil-tolymphocyte ratio (NLR), calculated by dividing the neutrophil count by the lymphocyte count, is used to determine the prognosis of an inflammatory reaction and is a component of routine blood count analyses performed in the clinic. Use of NLR as an inflammatory marker has been previously reported. [1] [2] [3] [4] A recent study showed that NLR is a strong prognostic indicator for patients suffering from various diseases. Further, NLR has also been associated with poor clinical outcomes in a variety of diseases including myocardial infarction, coronary artery disease, atherosclerosis, chronic obstructive pulmonary disease, and high nuclear grade renal cell carcinoma in obese individuals. [5] [6] [7] [8] [9] [10] [11] Earlier studies demonstrated an association between increased NLR and decreased overall survival and disease-free survival in melanoma, breast cancer, lung cancer, and gastrointestinal cancer. [12] [13] [14] [15] The association of metabolic syndrome (MS) with several biomarkers of inflammatory and chronic diseases is well documented. The reported prevalence of MS according to the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) and International Diabetes Federation (IDF) criteria is 24% and 30%, respectively, and in mainland China, the reported prevalence of MS is 24.5%. [16] [17] [18] According to criteria of the American Heart Association, the prevalence of MS has recently risen to include 35% of adults in the US, and this increase is attributed to lifestyle changes. Nearly 50% of the individuals affected by MS are adults over the age of 60 years. [19] [20] [21] Obesity is also a major factor that contributes to the development of MS, and a study by Ryder et al indicated a high prevalence of MS in obese women. [22] [23] [24] [25] MS is not a disease, and instead refers to a cluster of individual risk factors. A number of prospective studies have identified elevated levels of circulating serum biomarkers or inflammatory markers such as white blood cells (WBC), C-reactive protein (CRP), and high-sensitivity CRP (Hs-CRP). These studies have also identified elevated hyperlipidemia markers such as total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-cholesterol), and high-density lipoprotein cholesterol (HDL-cholesterol). Additionally, studies have found elevated hyperglycemia markers, such as fasting blood glucose, hemoglobin A1c (HbA1c), insulin, and homeostasis model assessment of insulin resistance (HOMA-IR), in association with the kidney function marker uric acid. A combination of several factors characteristic of MS result in the development of various diseases. [23] [24] [25] [26] [27] [28] [29] Recent studies indicated that MS is associated with many chronic inflammation risk factors, especially high levels of total leukocytes and NLR. NLR can be readily measured using a simple blood test to provide a convenient and cost-effective marker of systemic inflammation, and NLR measurements are used to identify the inflammatory state. [30] [31] [32] [33] [34] [35] NLR can predict the prognosis of certain diseases and cancer treatment outcomes. We were interested in determining if NLR could be used as an indicator or predictor when an inflammatory reaction manifests as MS. The objective of this study was to identify inflammatory biomarkers that could help predict the risk of MS. Here, we used low-cost inflammatory indicators such as circulating leukocytes and NLR to predict the risk of MS and other diseases.
We propose that NLR, an inflammatory biomarker, may predict the development of MS at an early stage with MS scores 1 to 5, and we propose that a higher MS score may predict the risk for development of MS.
Materials and methods

Study population and design
This study included retrospectively collected patient data from 2006 to 2017. Adults (44,230) who underwent voluntary health evaluation at the Health Evaluation Center, Mackay Memorial Hospital, Taipei, Taiwan were included in the analysis. Subjects completed one health evaluation visit that included a complete physical examination. The exclusion criteria were:
(1) incomplete questionnaire or an incomplete drinking history questionnaire; (2) incomplete anthropometric measurements;
(3) pregnant women; (4) incomplete lab data; (5) incomplete reports; (6) subjects with self-reported diabetes mellitus (DM) or heart disease that were undergoing treatment.
Based on the above criteria, the final cohort study population consisted of 34,013 subjects. The flowchart of current study subjects and subjects excluded for final analysis design outlined in Figure 1 . This study was approved by the local ethics committee of the Mackay Memorial Hospital (IRB No: 12MMHIS163).
All patient information was anonymized and de-identified prior to analysis. Approval to perform retrospective research using secondary data was granted by the Institutional Review Board (12MMHIS163), and our study was performed in accordance with the relevant guidelines and regulations.
Anthropometric measurements
Anthropometric measurements included those for height, weight, and BMI (calculated as weight [in kg] divided by the square of the height [in m]).
Blood pressure was recorded using a mercury sphygmomanometer (Diamond Deluxe BP apparatus, Industrial-Electronic and Allied Products, Pune, India) from the right arm when patients were in the sitting position, and the resulting values were rounded to the nearest 2 mm Hg.
Waist circumference (WC) was measured, using a measuring tape, at the umbilical level, and hip circumference was measured over non-restrictive underwear using a non-stretch fiber measuring tape.
MS score criteria According to the NCEP ATP III criteria, MS is defined according to the presence of at least 3 of the following 5 criteria: systolic blood pressure (SBP) ≥ 130 mm Hg or diastolic blood pressure (DBP) ≥ 85 mm Hg and/or use of antihypertensive medications; fasting glucose ≥ 100 mg/dL and/or use of anti-diabetic medications; hypertriglyceridemia ≥ 150 mg/ dL, HDL-cholesterol levels < 50 mg/dL for females and < 40 mg/ dL for males; WC: women ≥ 80 cm and men ≥ 90 cm. [16, 17] All subjects were classified into 6 groups. The subjects in the normal control group N (score of 0) had no history of smoking, drug use, or other high-risk habits, based on the questionnaire results. Groups 1 to 5 were sorted by MS scores of 1 to 5, based on responses to the questionnaires and MS score criteria.
Biochemical and hematological measurements
Laboratory analyses were performed at the hospital laboratories (TAF ISO-15189 accreditation). Blood samples were collected early in the morning after overnight (8-10 hours) fasting. Serum uric acid, cholesterol, triglycerides, HDL, LDL, glucose, CRP, and Hs-CRP levels were measured using a Hitachi-912 Autoanalyzer (Boehringer Mannheim/Hitachi, Mannheim, Germany). Plasma insulin levels were determined by a chemiluminescence immunoassay (IMMULITE 1000, Siemens Diagnostics, USA), and HOMA-IR was calculated using the method described by Mathews et al. [36] Serum insulin levels were analyzed using a human insulin-specific radioimmunoassay kit (Millipore, Billerica, MA). HbA1c levels were estimated using a Variant (Bio-Rad, Hercules, CA) high-pressure liquid chromatography machine.
Complete blood counts including WBC, red blood cell, hemoglobin (Hb), hematocrit (Ht), platelet, and leukocyte subtypes were determined using an autoanalyzer (Beckman Coulter Counter DXH series, Coulters Corporation, FL, USA). NLR was defined as the log e neutrophil count/log e lymphocyte count within the peripheral blood.
Statistical analysis
The distribution of continuous variables was assessed using the Kolmogorov-Smirnov test. Normally distributed variables are presented as mean ± standard deviation, while non-normally distributed variables are presented as median (range).
Categorical variables are presented as frequencies and percentages, and between-group differences were assessed using a Chi-square test. Between-group differences with respect to continuous variables were assessed using Student t test or one-way ANOVA (with Tukey's HSD). Spearman correlation coefficient was determined to examine the association between MS and non-MS continuous variables, and post hoc sample size calculation was performed.
One-way ANOVA tests were used to compare the 6 groups, and 95% confidence intervals (CI) were obtained by Bonferroni test to avoid type I error. Univariate logistic regression was used to calculate the odds ratios (OR) and 95% CI for variables in the 6 groups, and these values were adjusted for BMI, smoking history, drinking history, CRP, age, and sex. Multivariate logistic regression incorporated intertwine to exclude confounders.
Receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off value for biomarkers and NLR associated with maximum sensitivity and specificity for the development of MS.
Results
A total of 34,013 subjects were enrolled in this study. Of these, 10,475 (30.8%) subjects were categorized as positive for MS (score ≥ 3), while 23,538 (69.2%) were categorized as non-MS. Baseline demographic and biochemical characteristics included MS (score ≥ 3), age (mean ± SD, 50.46 ± 11.09), sex ratio (70.2% men), and active smokers (28.2%).
A significant between-group difference in NLR was observed (mean ± SD) in the MS compared to the non-MS groups (1.96 ± 0.77 vs 1.84 ± 0.69; P < .001) in regard to body mass index (BMI), WC, SBP, and DBP. All four parameters were significantly higher in the MS group (P < .001). Levels of inflammatory biomarkers (WBC, CRP, and Hs-CRP), hyperlipidemia markers (total cholesterol, triglycerides, and LDL-cholesterol), hyperglycemia markers, fasting blood glucose, HbA1c, insulin, HOMA-IR, and serum uric acid in the MS group were significantly higher than those observed in the non-MS group (P < .001 for all). The serum level of HDL-cholesterol in the MS group was significantly lower than that detected in the non-MS group (Table 1) .
We categorized the study population into six groups based on the MS scores of the subjects. Study subjects possessing a 0 score were categorized as group N, while those with MS scores of 1 to 5 were categorized as groups 1 to 5, respectively ( Table 2) .
One-way analysis of variance (ANOVA) was used to compare the 6 groups and the 95% CI for NLR values (mean ± SD) among group N and groups 1 to 5. Statistical significance (P < .001) for all groups is shown in Table 2 . The results of Bonferroni tests used to avoid type I error in multi-group comparisons are presented in Table 3 .
The anthropometric measurements and the levels of WBC, triglycerides, fasting glucose, HbA1c, uric acid, and CRP exhibited a progressive increase from group N to groups 1 to 5. Insulin and HOMO-IR levels were normal in group N and groups 1 to 2; however, from group 3 to group 5, there was a significant increase in these levels. The HDL-cholesterol level exhibited a gradual decrease from group N to groups 1 to 5 (P < .001 for all). Box-and-whisker plots for all parameters are provided in Figures 2-4 , and the results of univariate logistic regression are presented in Table 4 . The OR for the development of MS in each of the five groups is shown using group N as the reference. Concerning the demographic characteristics, the overall range of OR associated with the respective variables was as follows: NLR, OR (95% CI) groups 1-5: 1. 13 with respect to OR (group 1-5) for all anthropometric parameters, age, BMI, WC, SBP, and DBP were all statistically significant (P < .001). For the biochemical parameters, the overall range of OR (groups 1-5) was determined for WBC, fasting glucose, HbA1c, insulin, HOMO-IR, uric acid, Hs-CRP, and CRP. OR increased for all parameters as MS score increased (Table 4) . Multivariate logistic regression after adjusting for BMI, smoking status, drinking history, CRP, age, and sex showed an increase in the OR for NLR and WC. In contrast to those of NLR and WC, OR of other markers decreased, with the exception of the MS score. Additionally, between-group differences (groups 1-5) were determined to be statistically significant (P < .001), with the exception of insulin levels. HOMO-IR markers from subjects with an MS score of 3 (group 3) were also statistically significant (P < .001) ( Table 5 ).
To further support the utility of inflammatory biomarkers, hyperlipidemia markers, and hyperglycemia markers as useful predictors for MS, we performed Box-plot and ROC curve analyses to determine the diagnostic values of MS scores >3. The results for HbA1c, insulin, and HOMO-IR are presented in Figure 2 , and those for CRP, uric acid, and WBC are shown in Figure 3 . All markers allowed for acceptable discrimination.
Our premise that NLR can predict the development of MS at an early stage from MS groups 1 to 5 (scores 1-5) was tested by analyzing NLR Box-plots and ROC curves, as shown in Figure 4 . These results allowed for acceptable discrimination for MS scores 1 to 2 and excellent discrimination for MS scores 3 to 5. These results confirmed that NLR is a good predictor for MS. Additionally, as MS score increases, NLR allows for a higher discrimination rate (P < .001).
Discussion
In our study population, the prevalence of MS was 30.8%, which is similar to the prevalence of 20.7% to 37.2% according to the ATP III definition and 29.6% to 36.2% according to the IDF definition. These figures are comparable to those reported in Asian populations where the prevalence of MS in men was 2.25 times higher than that in women. [16] [17] [18] [19] Compared to values from an earlier study, age distribution in our study showed a trend toward younger age in the 6 groups. Additionally, a higher percentage of subjects in our study were smokers (12.4% in group N and 30.7% in group 4). In our study, approximately 48.1% of the subjects were assigned MS scores of 1 to 2, demonstrating an increase in the prevalence of MS with age but not with smoking status. [20] [21] [22] Baseline demographics of the MS and non-MS groups indicated NLR values (mean ± SD) of 1.96 ± 0.77 and 1.84 ± 0.69, respectively, and these values are similar to those published previously. [37] The normal range of NLR in this report was 1.76 ± 1.42. Two studies (Buyukkaya et al and Surendar et al) reported NLR values of 1.89 ± 0.72 and 2.92 ± 0.83 (P < .001) and 1.68 ± 0.63 and 2.10 ± 0.70 (P < .001) in the MS (negative) and MS (positive) subjects, respectively. In our study, NLR values in the MS-negative subjects were similar to the above results, but these values were lower in the MS-positive subjects. These results could be attributed to the fact that our study contained a smaller number of subjects (10,475 [30.8%]) with an MS score ≥ 3 compared to 23,538 (69.2%) non-MS subjects, and this discrepancy may contribute to lower NLR ratios. [33, 35] A significant between-group difference was observed between the MS and non-MS groups with respect to BMI, WC, SBP, and Table 2 Baseline demographic and biochemical characteristics of the study population disaggregated by metabolic syndrome score. DBP. All four parameters were significantly higher in the MS group (P < .001). Levels of inflammatory biomarkers (WBC, CRP, and Hs-CRP), hyperlipidemia markers (total cholesterol, triglycerides, and LDL-cholesterol), and hyperglycemia markers (fasting blood glucose, HbA1c, insulin, HOMA-IR, and serum uric acid) were significantly (P < .001) increased in subjects with MS compared to those in non-MS subjects whose mean ± SD values were within reference intervals. Biochemical analyses demonstrated increased levels of markers of chronic inflammation in subjects with MS, consistent with earlier studies. This observation is of clinical relevance, as these markers may help predict the development of MS. Additionally, earlier studies demonstrated an association of these markers with MS and other diseases. [23] [24] [25] We performed ANOVA to compare the six groups, and the 95% CIs are shown in Table 2 . To avoid type I error, we performed the Bonferroni post hoc test for correction of multigroup comparisons, and certain biomarkers did not exhibit significant between-group differences ( Table 3) .
NLR values (mean ± SD) in subjects with MS scores of 1 to 5 increased gradually. Similarly, increases were observed in BMI, WC, SBP, and DBP, with the exception of group N, where levels were within normal ranges. All tested parameters were increased in groups 1 to 5, and in particular, there was a greater difference between groups 2 and 3. With respect to all markers, a progressive increase in mean ± SD was observed in groups 1 to 5, with the exception of HDL levels that exhibited a gradual decrease that is consistent with earlier reports. , all inflammatory markers were shows associations with MS (all P values <.05). NLR value in MS scores of 1 to 5, 2 studies results are different and decreased then our study. It is interested that NLR has a significant association with MS (Surendar et al); and Meng et al demonstrated was not, even though necessitate further studies to suggest. [35, 38] Notably, univariate logistic regression results for the five groups demonstrated an increase in OR for all markers, with the exception of platelet, insulin, Hs-CRP, and CRP, in group 1 (MS score 1) to group 5 (MS score 5) with a P value <.001. An elevation in odds risk was observed as a function of increased MS score. In particular, ORs for BMI, WC, NLR, WBC, HbA1c, HOMA-IR, uric acid, and CRP markers were significantly higher in the MS group (P < .001) than those in the control group.
For multivariate logistic regression analysis after adjusting for BMI, smoking, drinking, CRP, age, and sex, however, OR for HbA1c increased in groups 1 to 5 from 2.18 to 6.56. Previous reports indicated that such an increase in OR for HbA1c was likely due to DM instead of MS. In this study, the OR for HbA1c in individual with MS scores of 1 to 5 was higher than those of other markers, and these values were high compared to those found in other diseases. These finding warrant further investigation.
In subjects with an increase in MS score, NLR, and WC, the ORs of HbA1c, insulin, HOMA-IR, uric acid, and WBC were decreased. Our results and the results of previous studies indicate that these markers, can be considered low-cost biomarkers to Table 3 Bonferroni test comparison of P values among multiple groups. allow for the prediction of MS with an MS score cut-off value of 3 and an elevated OR.
To determine if the above marker/s are reliable for the prediction of MS, we performed Box-plot and ROC curve analysis. ROC AUC values for HbA1c 0.72 (95% CI:0.71-0.73, P < .001), insulin 0.73 (95% CI:0.72-0.75, P < .001), HOMO-IR 0.77 (95% CI:0.76-0.78, P < .001), CRP 0.66 (95% CI:0.64-0.67, P < .001), uric acid 0.70 (95% CI:0.69-0.71, P < .001), and WBC 0.64 (95% CI:0.63-0.65, P < .001) were between 0.64 and 0.77, the sensitivity was between 0.65 and 0.72, and the specificity values were between 0.53 and 0.69 (P < .001). All markers from ROC analysis allowed for acceptable discrimination as good predictive markers.
We analyzed the NLR Box-plot and ROC curve to verify our hypothesis and to determine the NLR cut-off level, AUC, 95% CI, P value, sensitivity, and specificity. ROC analysis of subjects with MS scores of 1 to 2 revealed acceptable discrimination and specificity (0.98), and ROC analysis of patients with MS scores of 3 to 5 revealed excellent discrimination and specificity (0.98, 0.96, 0.94, respectively). Therefore, NLR may serve as a useful predictor of MS and increases in MS score and NLR values allow for a higher discrimination rate (P < .001). Table 4 Results of univariate logistic regression indicating the odds ratios and 95% CI between variables in 5 groups. Table 5 Results of multivariate logistic regression indicating the odds ratios and 95% CI between variables in 5 groups. 
Conclusion
Risk of MS increases as NLR increases, and NLR values may provide a useful tool to predict the development of MS.
Limitations
One of the limitations of our study is that the study subjects underwent a health examination and may or may not have been diagnosed with a comorbidity. This was a retrospective observational study that only included patients from relatively high-income groups and health awareness, which may not represent the general population. Our results, however, showed a relationship between many of the biomarkers with respect to their role in MS, especially in subjects with MS scores between 1 and 2, who accounted for 48.1% of the study population. Early detection and early intervention are possible in subjects with these scores to prevent the onset of MS. Although this study involved prospective patient enrollment and follow-up, the study design was observational in nature and subject to limitations, including selection bias and uncorrected confounding.
